Two unrelated 8-month-old male mixed breed dogs were presented for evaluation of progressive ataxia, knuckling, and lack of pain perception in the distal limbs. Because of the similarity in age of onset, progression, and clinical findings with previously described sensory neuropathy in Border Collies, the affected dogs were screened for an FAM134B mutation and were determined to be homozygous for the mutation. Despite few phenotypic similarities with other breeds, genetic testing for specific diseases should be considered in mixed breed dogs with compatible clinical signs, especially if ancestry is unknown.
| CASE 1
An 8-month-old male intact mixed-breed dog was referred to the Neurology Service of the University of Glasgow for investigation of a 1-month history of chronic progressive gait abnormalities. The owners had noticed that the dog was chewing its paw for 3-4 months before referral and then developed gradually deteriorating ataxia and knuckling over in the pelvic limbs during the month before evaluation. At that stage, urinary incontinence also was observed, with the dog passing urine intermittently, even when walking. CBC and serum biochemistry were unremarkable. Radiographs of the thoracolumbar vertebral column were obtained and no abnormalities were detected. No information was available regarding ancestors or other littermates, but the circumstances suggested that the puppy was from a farm.
Physical examination findings included multiple wounds on the distal aspect of all 4 limbs. Neurological examination identified normal mentation and cranial nerve function. Gait assessment disclosed severe proprioceptive ataxia in all limbs with the pelvic limbs more severely affected including occasional knuckling of the hind paws.
Paw positioning and hopping were decreased to absent in all limbs.
Withdrawal reflex was absent in all limbs, but patellar, perineal, and cutaneous trunci reflexes were intact. Superficial and deep pain perception was absent distally in all limbs but present proximally, and in the tail, trunk, and head. Findings were consistent with a peripheral sensory neuropathy with partial autonomic involvement as suggested by the urinary incontinence.
Repeated CBC and serum biochemistry profile did not identify any abnormalities. Serology testing for Toxoplasma gondii and Neospora caninum was negative. Electromyography disclosed mild spontaneous electrical activity in multiple distal appendicular muscles in all limbs. Motor nerve conduction velocity of the ulnar, sciatic, and common fibular nerves was within normal range. Muscle cryosections from the biceps femoris and gastrocnemius muscles were evaluated using a standard panel of histochemical stains and reactions. No specific abnormalities were identified in either muscle. A formalin-fixed biopsy from the common fibular nerve was embedded in resin and evaluated using 1 μm sections (Figure 1 ). Multifocal areas of nerve fiber loss were present without obvious axonal degeneration or demyelination. It could not be determined if areas of nerve fiber loss involved mainly sensory or motor fibers in this mixed nerve. To our knowledge, a method of distinguishing motor from sensory fibers histologically in a mixed nerve is not available. A sensory nerve would have provided clarification but was not submitted for evaluation. A presumptive diagnosis of sensory neuropathy was established. On referral, the patient had severe gait disturbance and was almost consistently standing on the dorsal aspects of its pelvic digits. The owner also described the occurrence of defecation during walking. 
FAM134B
Unknown Unknown GDNF GDNF Unknown a The age of presentation in Jack Russell Terrier and Miniature Pinscher remains unclear as this disease has been reported in one single case in both breeds. 7, 8 In the Jack Russell, although the clinical signs worsened when the dog was 6 years old, progressive abnormal pelvic limb posture was noticed since birth. In the Miniature Pinscher, the dog presented at 18 months of age, although the clinical signs were first noticed 12 months prior.
motor and sensory inherited neuropathies in humans. 24 Affected people can present with a primary axonopathy or an axonopathy secondary to a myelination defect in Schwann cells. 25 Multiple studies have been performed and several genetic defects have been encountered.
For example, approximately 75% of cases of the demyelinating form (CMT1) are caused by duplication in the short arm region of chromosome 17 in combination with mutations in PMP22, MPZ, or GJB.
24
Nevertheless, classification of HSAN and CMT still is incomplete, and some clinical and genetic overlap may exist.
Intriguingly, mutation of FAM134B was responsible for the development of disease in these unrelated mixed breed dogs, despite the fact that they phenotypically looked more like a Jack Russell and a
Parson Russell than a Border Collie, respectively (Figures 2 and 3 ).
Because we were interested in knowing if the mutation was more widespread in the canine population than previously thought, or if there was any Border Collie ancestry in these dogs, a DNA sample was submitted for a commercially available canine breed ancestry test recent studies have reported a previously identified mutation in a second breed. 24, 25 The fact that these gene alterations have been encountered in multiple breeds suggests that these diseases may be a consequence of more ancient mutations widely spread throughout the canine population. 26 Also as previously reported, hereditary genetic diseases can affect mixed-breed dogs and characterizing them also may help other breeds. [26] [27] [28] [29] [30] In 2 recently published studies, it was found that a large number of mixed-breed dogs carried autosomal recessive mutations. 29, 30 In these studies, the same commercially available canine breed ancestry test (Wisdom Panel, Mars Veterinary) was used, and it was found that many of the mixed-breed dogs carrying the alternate or mutant allele had the specific breed, in which the mutation initially was identified, in their ancestry. 29, 30 In conclusion, the genetic test for the FAM134B gene mutation is recommended when clinical signs are compatible with sensory neuropathy. Rare autosomal recessive genetic mutations previously identified in specific pure-breed dogs should be considered as a differential diagnosis in mixed-breed dogs with compatible clinical signs, especially if ancestry is unknown.
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